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Perspective
S
tandard care for HIV 
antiretroviral treatment in 
resource-rich regions of the 
world includes HIV RNA monitoring 
every three to four months for viral 
rebound (i.e., an increase in HIV 
RNA to detectable levels following 
suppression). Viral rebound conﬁ  rmed 
by two HIV RNA determinations 
prompts adherence counseling, 
and a change in regimen based on 
prior antiretroviral treatment and 
antiretroviral resistance testing. 
Because of the prohibitive cost of 
viral RNA monitoring, standard care 
for resource-limited regions of the 
world includes clinical monitoring, 
together with CD4 monitoring if it is 
available. A new WHO (World Health 
Organization) Stage IV opportunistic 
infection, a 50% decline from peak 
CD4 level, failure to increase CD4 
levels to 50–100 cells/mm3 after one 
year, or a fall in CD4 cell count to 
pretreatment levels after one year 
prompts a change to second-line 
therapy if available [1]. 
The major limitation of CD4 and 
clinical monitoring alone is that 
clinical deterioration and CD4 decline 
often occur well after virologic failure 
and the accumulation of resistance 
mutations that may compromise 
the efﬁ  cacy of limited second-line 
treatment options [16]. Conversely, 
CD4 and clinical decline can occur in 
the absence of virologic failure, which 
can prompt a premature switch to 
second-line therapy. This limitation 
has prompted a search for low-cost 
approaches to HIV RNA monitoring, 
including new surrogates of HIV RNA  
[2]. This search, however, has yet 
to yield a reliable, inexpensive, and 
scalable approach for resource-limited 
regions of the world.
Adherence Monitoring to Detect 
Viral Rebound in Resource-Limited 
Settings
In a study published in this issue of 
PLoS Medicine, Gregory Bisson and 
colleagues compared the ability of CD4 
counts and adherence to medication 
to predict virologic failure [3]. They 
conducted an observational cohort 
study involving 1,982 patients in nine 
countries in southern Africa, who were 
being treated with a non-nucleoside 
reverse transcriptase inhibitor–based 
antiretroviral regimen. Adherence was 
assessed using pharmacy claim data. 
Virologic failure was deﬁ  ned as an HIV 
RNA level of more than 1,000 copies/
ml at an initial assessment either six or 
12 months after starting combination 
antiretroviral therapy and after a 
previous undetectable viral load (less 
than 400 copies/ml). 
Pharmacy claim adherence data 
outperformed CD4 count change 
in predicting viral suppression and 
were as good as CD4 count change at 
predicting viral rebound subsequent to 
viral suppression. Bisson and colleagues 
conclude that systematic adherence 
monitoring should be considered as 
an alternative to CD4 cell monitoring 
to identify patients at high risk for 
incomplete viral suppression.
Proactive Prevention rather 
than Reactive Response to Viral 
Rebound
Real-time adherence monitoring offers 
an important strategic advantage 
to traditional approaches in both 
resource-rich and resource-limited 
regions of the world. While most 
patients achieve initial viral suppression 
with current antiretroviral regimens, 
eventual viral rebound is common as 
adherence declines over time  [4–6]. 
Modest declines or even complete 
lapses in adherence are rarely detected 
in advance of viral rebound. Rather, 
viral rebound is usually detected 
during routine laboratory monitoring 
after lapses in adherence. Regimens 
prescribed in response to viral rebound 
are often more complex than the initial 
regimen and can lead to a continuous 
loop of less effective, poorly tolerated 
therapies that may require even higher 
levels of adherence to sustain viral 
suppression [7]. Bisson and colleagues’ 
new study supports Robert Gross and 
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Linked Research Article
This Perspective discusses the 
following new study published in PLoS 
Medicine:
Bisson GP, Gross R, Bellamy S, Chittams 
J, Hislop M, et al. (2008) Pharmacy reﬁ  ll 
adherence compared with CD4 count 
changes for monitoring HIV-infected 
adults on antiretroviral therapy. PLoS 
Med 5(5): e109. doi:10.1371/journal.
pmed.0050109
Analyzing pharmacy and laboratory 
records from 1,982 patients beginning 
HIV therapy in southern Africa, Gregory 
Bisson and colleagues ﬁ  nd medication 
adherence superior to CD4 count 
changes in identifying treatment failure.PLoS Medicine  |  www.plosmedicine.org 0696 May 2008  |  Volume 5  |  Issue 5  |  e111
colleagues’ earlier proof-of-concept 
data, which suggested that that a more 
effective approach might be to focus on 
continuous adherence monitoring with 
a goal of intervening before HIV RNA 
rebounds and resistance mutations 
accumulate [8].
Improving Precision in Adherence 
Monitoring
While Bisson and colleagues suggest 
that a switch from biologic to 
behavioral monitoring may be the 
preferred monitoring strategy in 
resource-limited settings, it is unclear 
if pharmacy reﬁ  ll measures will be 
sufﬁ  ciently precise and/or time 
sensitive to proactively predict, and 
therefore prevent, viral rebound. 
Pharmacy reﬁ  ll adherence measures 
have been closely associated with viral 
suppression, drug resistance, and 
death in several studies [9–11]. The 
drug possession ratio, calculated by the 
number of doses dispensed divided 
by the number of doses prescribed in 
the interval between dispensing dates, 
has a scale of 0 to 1 (or 0% to 100%), 
where 1 (or 100%) represents the 
maximum level of adherence possible 
for a given patient. Because actual 
adherence is less than or at most equal 
to the drug possession ratio, pharmacy 
reﬁ  ll adherence information will not 
detect all patients with viral rebound. 
In addition, since medications are 
prescribed every month (sometimes 
less frequently), and viral rebound 
can occur in a matter of weeks, 
monthly pharmacy dispensing data 
may also not be sufﬁ  ciently time 
sensitive to preemptively predict viral 
rebound. Finally, pharmacy reﬁ  ll 
measures cannot differentiate patterns 
of adherence, such as treatment 
interruption, which may be more risky 
for non-nucleoside reverse transcriptase 
inhibitor resistance than a longer run 
of occasional missed doses [12,13].
There are several strategies that 
may move us closer to more accurate 
adherence monitoring. Electronic 
medication pill box organizers have 
been introduced, with encouraging 
results [14]. Cell phones, widely 
available in resource-limited settings, 
are being tested to promote health 
behaviors in many regions of the 
world  [15]. Cell phone adherence 
monitoring systems, however, often 
require a patient to respond to a 
reminder message to conﬁ  rm they 
took their dose. Systems that require 
a patient-initiated response to detect 
the health behavior in question (i.e., 
taking a dose), may suffer from patient 
habituation to the reminder, and will 
fail in patients who are nonadherent 
to the measurement strategy, which 
may be the same patients who miss 
their medication. Electronic pill 
container devices, and more recently 
wireless devices, overcome some of 
these difﬁ  culties. While such systems 
are currently prohibitively expensive 
in resource-limited settings, current 
user fees are comparable to viral 
load monitoring, and wide-scale 
implementation could reduce costs 
several-fold.
Antiretroviral treatment has 
transformed HIV from a terminal to 
a chronic disease in many regions 
of the world. Despite this important 
advance, relatively little progress has 
been made in monitoring missed 
doses, which are the proximal event 
to viral rebound and drug resistance. 
The report by Bisson and colleagues 
provokes a potential paradigm shift 
away from reactively responding to 
proactively preventing antiretroviral 
drug resistance.  
References
1.  World Health Organization (2007) 
Management of HIV Infection and 
Antiretroviral Therapy in Adults and 
Adolescents. A Clinical Manual. Available: 
http://www.searo.who.int/LinkFiles/
Publications_Management_HIV_infection_
antiretroviral_therapy_adults_adolescents.pdf. 
Accessed 8 April 2008.
2.  Calmy A, Ford N, Hirschel B, Reynolds 
SJ, Lynen L, et al. (2007) HIV viral load 
monitoring in resource-limited regions: 
Optional or necessary? Clin Infect Dis 44: 128-
134.
3.  Bisson GP, Gross R, Bellamy S, Chittams 
J, Hislop M, et al. (2008) Pharmacy reﬁ  ll 
adherence compared with CD4 count 
changes for monitoring HIV-infected adults 
on antiretroviral therapy. PLoS Med 5: e109. 
doi:10.1371/journal.pmed.0050109
4.  Mannheimer S, Friedland G, Matts J, Child 
C, Chesney M (2002) The consistency 
of adherence to antiretroviral therapy 
predicts biologic outcomes for human 
immunodeﬁ  ciency virus-infected persons in 
clinical trials. Clin Infect Dis 34: 1115-1121.
5.  Liu H, Miller LG, Hays RD, Golin CE, Wu T, 
et al. (2006) Repeated measures longitudinal 
analyses of HIV virologic response as a function 
of percent adherence, dose timing, genotypic 
sensitivity, and other factors. J Acquir Immune 
Deﬁ  c Syndr 41: 315-322.
6.  Parruti G, Manzoli L, Toro PM, D’Amico G, 
Rotolo S, et al. (2006) Long-term adherence to 
ﬁ  rst-line highly active antiretroviral therapy in 
a hospital-based cohort: predictors and impact 
on virologic response and relapse. AIDS Patient 
Care STDS 20: 48-56.
7.  Bangsberg DR (2008) Preventing HIV 
antiretroviral resistance through better 
monitoring of treatment adherence. J Infect 
Dis 197: S272-S278.
8.  Gross R, Yip B, Lo Re V 3rd, Wood E, 
Alexander CS, et al. (2006) A simple, dynamic 
measure of antiretroviral therapy adherence 
predicts failure to maintain HIV-1 suppression. 
J Infect Dis 194: 1108-1114.
9.  Wood E, Hogg RS, Yip B, Harrigan PR, 
O’Shaughnessy MV, et al. (2003) Effect 
of medication adherence on survival of 
HIV-infected adults who start highly active 
antiretroviral therapy when the CD4+ cell 
count is 0.200 to 0.350 x 10(9) cells/L. Ann 
Intern Med 139: 810-816.
10. Harrigan R, Dong W, Alexander C, Yip B, 
Ting L, et al. (2003) The association between 
drug resistance and adherence determined 
by two independent methods in a large 
cohort of drug naive individuals starting triple 
therapy [abstract LB12]. Second International 
Conference on HIV Treatment and 
Pathogenesis; 13-17 July 2003; Paris, France.
11. Hogg R, Heath K, Bangsberg DR, Yip B, Press 
N, et al. (2002) Intermittent use of triple 
combination therapy is predictive of mortality 
at baseline and after one year of follow-up 
AIDS. AIDS 16: 1051-1058.
12. Parienti J, Massari V, Descamps D, Vabret A, Bouvet 
E, et al. (2004) Predictors of virologic failure 
and resistance in HIV-infected patients treated 
with nevirapine or efavirenz-based antiretroviral 
therapy. Clin Infect Dis 38: 1311-1316.
13. Oyugi JH, Byakika-Tusiime J, Ragland K, 
Laeyendecker O, Mugerwa R, et al. (2007) 
Treatment interruptions predict resistance in 
HIV-positive individuals purchasing ﬁ  xed-dose 
combination antiretroviral therapy in Kampala, 
Uganda. AIDS 21: 965-971.
14. Ruskin P, Van der Wende J, Clark C, Fenton J, 
Deveau J, et al. (2003) Feasibility of using the Med-
eMonitor system in the treatment of schizophrenia: 
A pilot study. Drug Inf J 37: 283-291.
15. Ybarra ML, Bull SS (2007) Current trends in 
Internet- and cell phone-based HIV prevention 
and intervention programs. Curr HIV/AIDS 
Rep 4: 201-207.
16. Phillips AN, Pillay D, Miners AH, Bennett 
DE, Gilks CF, et al. (2008) Outcomes from 
monitoring of patients on antiretroviral 
therapy in resource-limited settings with viral 
load, CD4 cell count, or clinical observation 
alone: A computer simulation model. Lancet 
371: 1443-1451.
Note Added in Proof
Reference 16 is cited out of order because it 
was added while the article was in proof.